INTRODUCTION
Seagrass meadows have been shown to provide many features of value to shallow coastal ecosystems, including important habitat for mobile macrofauna (Larkum et al. 2006) . In a detailed review of Australian research, Bell & Pollard (1989, p 569) conclude 'Seagrass beds are generally better habitats for fish than bare substrata, i.e. a greater number of fish species and individuals occur in seagrasses' and this perception has been cited in recent reviews of the importance of seagrass as a habitat for commercial fish and invertebrates (Jackson et al. 2001 , Gillanders 2006 and as a nursery habitat for juvenile animals in general (Beck et al. 2001 , Heck et al. 2003 ).
The Heck & Orth (1980) model posits that the major proposed habitat benefit of seagrass is the refuge from predation provided by 3-dimensional structural complexity: the capture success of predators is proposed to be generally higher over bare substrates, leading to the evolution of avoidance behavior of less complex habitats by settling larvae, juveniles, and adults (Heck & Orth 1980 , Orth et al. 1984 , Bell & Westoby 1986 , Bell & Pollard 1989 , Heck et al. 2003 , Heck & Orth 2006 . Other possible benefits have been proposed but have generally received less empirical support; thus (Heck et al. 2003, p 133) state that 'In aggregate, we believe that the evidence indicates that the factor most often limiting animal populations in shallow coastal ABSTRACT: Seagrass meadows have been hypothesized to protect mobile macrofauna from predation by providing structural complexity that interferes with predator movement and vision. However, if ambush predators are common in seagrass, they may exclude many prey species, resulting in lower total abundance and diversity in seagrass relative to neighboring bare substrates, and segregation of predators and their prey into different habitats. We tested these abundance and diversity predictions using visual censuses of fish and invertebrates employing georeferenced videography to quantify habitat and pinpoint every observation, and using bait stations and drop nets over 38 km of scuba transects in all 4 seasons and by day and night in an enclosed estuary of the northeast Adriatic (Novigrad Sea, Croatia). The primary fish predators at our study site were the ambush or stalk-attack predators, grass goby Zosterisessor ophiocephalus and European eel Anguilla anguilla, and we found that these species strongly preferred seagrass habitat. In contrast, most other fish, including small juveniles, avoided seagrass and preferred bare sediment to vegetated habitats. Species strongly preferring seagrass were primarily sessile invertebrates not preyed on by the goby or eel. Both total macrofaunal density and total taxon richness were greatest on bare sediment and lowest in dense seagrass habitats. The 3-dimensional aspect of habitat structure was as important in delineating the communities as the presence or absence of habitat structure. These results are consistent with the hypothesis that ambush predators reduce the value of seagrass habitat for their prey relative to neighboring bare sediment or rock; that structured habitat might carry a higher mortality risk for many prey species, and that neighboring unvegetated habitat, including bare sediment, can be at least as important as seagrass in harboring biodiversity.
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water is the shelter from predators that structured habitats provide'.
However, predation risk is mediated by the mode of predation and the numerical response of predators and prey. While seagrass has been shown to reduce the predation efficiency of chase-attack predators, the efficiency of stalk-attack predators or ambush predators might be improved by structural complexity and the ambush cover it provides (Heck & Orth 1980 , Horinouchi 2007b . Hence, we propose a more general predation-mode model: the relative value of seagrass as predation cover depends on the relative abundance of ambush-, stalk-and chase-attack predators inhabiting seagrass and neighboring substrata. For example, in regions where ambush predators are common inhabitants of seagrass, they may exclude potential prey and reduce the total abundance and diversity of mobile species in the seagrass habitat.
To investigate these predictions, we censused fishes and invertebrates in geo-and video-referenced scuba belt transects in a shallow Mediterranean lagoon in which numerous habitats were well represented and intermixed, including 3 categories of 3-dimensional structure (seagrass, macroalgae, and rock substratum from cobble to boulders and sculpted sedimentary bedrock) in addition to regions of unvegetated, mostly homogeneously mixed sand and gravel (up to about 1 cm diameter) ranging in patch diameter from < 1 to ~50 m. Simultaneous sampling and quantification of a natural mosaic of structured and unstructured habitats, including seagrass at different densities, all in close proximity and freely available to animal inhabitants, allows strong inference of the relative preferences of individual species for these habitats (La Mesa et al. 2006) . Several functional groups of predatory fish inhabit the sampling area, particularly 2 common species of ambush or stalk-attack predators, the European eel Anguilla anguilla and the grass goby Zosterisessor ophiocephalus, which are known to reside within seagrass beds where they feed opportunistically on fish and invertebrates (Pagotto & Campesan 1980 , Malavasi et al. 2005 , Bouchereau et al. 2006 , Ribeiro et al. 2006 .
We posed the following major questions: (1) What are the relative density and species richness of all macrofauna within neighboring seagrass (dense and sparse), rock, macroalgae, and bare sediment habitat? (2) What taxa have significant positive or negative preferences for these habitats at scales comparable to their daily movements, and do these preferences predict abundances on a wider scale? (3) Are taxonomic aggregations delineated primarily by the presence/absence of structure, or primarily by the kind of structure? (4) Do major predators of fish and their known prey segregate into different habitats?
MATERIALS AND METHODS
Study area. The Novigrad Sea, Croatia (44°12' N, 15°30' E), is a protected estuarine embayment of 29 km 2 (approximately 8 × 5 km at its longest axes) in the eastern Adriatic Sea, connected to the Velebit Channel to the north by a narrow strait (the Maslenica Channel), and receiving freshwater inflow from the Zrmanja River to the northeast, underground springs, and a few small seasonal creeks (Sinovćić et al. 2004 , Matić-Skoko et al. 2007 , Fig. 1 ). Shallow benthic habitats (less than about 5 m depth) include dense macroalgae/rock, unconsolidated bare sediment, and sparse to dense seagrass on soft sediment especially in the low gradient western portion near Posedarje. Salinity in the sampled region varied from 25 to 39 psu and surface temperatures from 9 to 26°C, with temperatures below 2 m depth usually 2 to 3°C cooler. The study location was chosen for its known value as a nursery area for demersal fish and invertebrates (Matić-Skoko 2007) and for the presence of equal amounts of bare sediment and each of the major structured benthic habitats of shallow protected waters of the Adriatic (seagrass, rock from cobble to bedrock, and macroalgae), all intermixed and within close proximity of each other along a shoreline several kilometers in length.
Visual census. The abundance of macrofauna was recorded within 2 m wide scuba belt transects (Nagelkerken et al. 2000 , Horinouchi et al. 2005 . Visual census allows the quantification of small-scale habitat occupation by each individual in all habitats and down to the scale of body size, which is not possible for other popular census methods such as trawl or seine sampling (Gray et al. 1998 , Hindell & Jenkins 2005 , Horinouchi et al. 2005 . Macrofauna censused comprised all fish species and all living invertebrates larger than approximately 1 cm in major dimension (size was esimated visually). Species were recorded in observational units (OU) labeled 'groups,' defined as recognizable spatial clusters of > 1 individual. For each species in each group, the actual number of individuals to 20 was counted, and numbers higher than 20 were estimated in increments of 10 to a group size of 100, then in increments of 100 to the maximum observed group size of 1000. Transects were followed at a speed of approximately 0.3 m s -1 during the day and 0.15 m s -1 at night. Transect length ranged from 10 m ('short transects') to over 300 m ('long transects'). Spatiotemporal sampling. The western corner of the Novigrad Sea was sampled in summer and fall 2006, and winter, spring, and fall 2007. The sampled region comprised approximately 5.0 linear km of shoreline from a depth of 0.5 to 5 m, and encompassed a total sampling area of approximately 100 ha (Fig. 1) . The region was composed of 2 sampling strata: a western stratum containing seagrass meadows and an eastern stratum completely lacking seagrass meadows. Sampling sites were chosen randomly within each of these 2 strata.
At each site, visual census transects were followed within each of 3 habitat/depth 'zones': (1) predominately macroalgae/rock (0.5 to 2 m), (2) transitional, predominately bare sediment or rock with sparse or absent algae or seagrass (2 to 3 m), and (3) dense or sparse seagrass (2 to 5 m). In the eastern sampling stratum, this deep zone entirely lacked seagrass. While the name of each zone reflects its modal bottom habitat, the benthos was heterogeneous and all 5 habitats (algae, bare sediment, rock, dense seagrass, and sparse seagrass) in reality occurred in patches within each zone. Algal species present were primarily Cystoseira spp. and Fucus spp. Seagrass species observed were Zostera marina, Z. noltii, and Cymodocea nodosa. All 3 depth zones at each location were usually sampled within a single 24 h period during daylight (at least 3 h after dawn and before sunset) and at night (usually less than 3 h after sunset, using a 6 W focused LED beam).
In summer/fall 2006, short transects were used to census fish and cephalopod abundance at 31 random sampling sites: 25 in the western seagrass stratum and 6 in the eastern non-seagrass stratum. For this approach, a random point was chosen in each of the 3 spatial strata (macroalgae, seagrass, and transition) at each site, and three 10 m transects were followed in random directions starting at 2 to 5 m from each random point during the day and at night within a single 24 h period.
In winter 2006, spring 2007, and summer/fall 2007, long transects were used to continue monitoring fish and invertebrate abundance, day and night, in the 3 habitat zones at a total of 10 sampling sites (5 on each side of the estuary), all within the western seagrass stratum (Fig. 1) . Transects ranged from 100 to > 300 m in length (limited by breathing-air) and crossweaved through each zone at an angle of approximately 45°f rom the shoreline. Macrofaunal observations were made as in the short transects, but in addition the satellite time to seconds of each OU was recorded, along with the bottom type associated with that specific OU, to cross reference with the differential global positioning system (DGPS) data and accompanying video of the habitat at the time of observation. DGPS/videography. During the daytime long-transect sampling, the diver carried a video sensor (Sony, 480 color TVL) that continuously recorded the sea bottom. The sensor was attached to 2 parallel laser diodes separated by a fixed distance of 12 cm to provide a continuous scale reference. Simultaneously overlayed on the video image was satellite time recorded every 2 s. Depth was recorded by a 200 kHz, 11°, singlebeam transducer. Horizontal DGPS coordinates were taken with real-time sub-meter accuracy from radio transmissions to a GPS antenna held by an operator in a kayak directly above the video sensor, which was visible from the surface (Norris et al. 1997 , Dauwalter et al. 2006 , Schultz 2008 ). The night dives followed the same transects as the day dives, by sub-meter realtime navigation over the DGPS tracks of that day's dive transects. No underwater survey markers or tape measures were used in the video-monitored transects as these were observed to attract fish in trials.
The proportion of each transect classified exclusively as algal/rock (A), 'unstructured' (bare sediment, U), bare rock (R), dense seagrass (SD), or sparse seagrass (SS) habitat was determined from the video footage. This was accomplished by assigning each second of the video footage exclusively to one of these habitat types and then calculating the linear extent of the transect occupied by each of these 5 habitats from the associated DGPS positions (Schultz 2008) . Unstructured sediment was defined as lacking 3-dimensional structure above about 1 cm in relief, rock as particles larger than 6.4 cm in diameter, and dense seagrass by complete coverage of the habitat in the video frame. The map resolution of this classification was approximately 0.3 m, the mean distance traveled per second of dive transect.
Drop nets and bait stations. In addition to the visual censuses, fishes were sampled or observed in U and in SD or SS habitats with unbaited, weighted drop nets (1 × 1 m, Douglas Net Company) and bait stations (selfmade) in June 2008. In preliminary visual trials, the drop nets were highly effective in catching small benthic fish where they were present, including small juveniles of several species. A total of 220 net drops were carried out, 110 in SD/SS and 110 in U habitats, equally divided across the 10 study sites of the visual censuses.
The bait stations consisted of pins to which a piece of light-colored, raw fish tissue (1 × 1 cm piece) was fixed 5 cm above the sediment surface. A scuba diver visually observed and recorded all visitors of all species approaching the bait over a 5 min period immediately following its placement. A total of 26 bait stations were observed with 3 replicates at each station, and stations were equally divided between U, SS and SD habitats.
Data analysis. Abundance was analyzed with generalized linear statistical models (GLMs) that assumed quasibinomial or quasipoisson dispersion for individual species, and quasipoisson or gaussian dispersion for all species combined. The covariates were Sampling site (random), and Depth and Season of sampling (fixed), and abundance was expressed as the number of observations (individuals or groups) in a particular habitat type or depth zone divided by the total length of that habitat or depth zone at the sampling site. In all cases, the null hypothesis of no relation between predictor variable and animal occurrence was tested by a likelihood-ratio chi-square statistic comparing the 2 nested mixed models with and without the predictor variable (Solana-Sansores 2001). Analyses were generally conducted twice, using individuals or groups as the response variable. Ninety-eight percent of all groups were comprised of 10 individuals or less. Numbers of both individuals and groups are presented for the sake of completeness. For statistical tests, the appropriate unit of replication is probably the group, since individuals within a group are not independent observations. Differences in results between the 2 types of test, however, were small. Species richness was the total count of taxa observed at each habitat. Species diversity was calculated as the Simpson reciprocal index D = 1/ ∑p i 2 where p i is the relative density of taxon i at that habitat (Hill 1973) . Non-parametric bootstrap procedures were used to extrapolate total species richness and for hypothesis testing (Palmer 1990) .
Habitat selection of a taxon was defined as a significant departure from random distribution in observations of the taxon in a given habitat (Rhodes et al. 2005) . Habitat selection was quantified with the 'habitat selection ratio' R = ρ in /ρ out , where ρ in is the sample proportion of 0.3 m transect segments that contain the taxon inside a focal habitat and ρ out is the same proportion for all available habitats outside the focal habitat but within the local sampling site (Cairns & Telfer 1980 , Gras & Saint-Jean 1982 . This ratio can also be thought of as the abundance ratio in/out scaled by the ratio of available habitat in/out. The proportion ρ estimates the probability that a small segment of a habitat contains the taxon, and a significant R > 1 implies a higher probability of occupation of a random segment within the habitat than of a random segment outside of that habitat. By definition, this difference constitutes positive selection of the habitat. Habitats with significant R > 1 or R < 1 were labelled 'favored' or 'avoided' habitats, respectively. The habitat with maximum R was defined as the 'preferred' habitat. Note that habitat selection as defined here is context-dependent; e.g. positive selection for one habitat necessarily lowers R values for other available habitats, regardless of whether those habitats would be avoided in the absence of the preferred habitat.
Species/ground association cluster analysis was performed on mean standardized species abundance per transect meter of each ground cover or habitat observed (A, R, SD, SS, and U) across all sites and sampling times pooled, and only species encountered on over 5 occasions were included in the analysis. Probability values for hierarchical clusters were computed by multiscale bootstrap resampling, with p = 0.95 as the threshold defining a strongly supported cluster (Suzuki & Shimodaira 2006) . Clusters were agglomerated using a variety of methods and distances; since these yielded only minor differences, results are reported for the complete agglomeration method and euclidean distance. Species/grounds ordination was performed with detrended correspondence analysis (DCA) and Kruskal's non-metric multidimensional scaling with Bray-Curtis distances; because the 2 yielded very similar ordinations, only the DCA is reported.
Feeding behavior for each fish species was acquired from the database Fishbase (Froese & Pauly 2000) , which allowed the feeding guild information of Elliott & Dewailly (1995) to be approximately quantified. For each species, information from all published studies of feeding behavior was combined and a proportion was assigned for each category of prey item (nekton, zoobenthos, plankton, and vegetation) of that species. The mean proportion of each prey category for each habitat was computed as a weighted mean prey proportion across all predators, where the weights were the relative abundance of each predator in that habitat.
The effects of habitat on faunal aggregations was tested using an analysis of similarity (ANOSIM, Clarke 1993) , and distinctiveness of each habitat contrasted with all other habitats was determined. The effect of predator on prey aggregation was tested with a nonparametric Mantel test comparing the distance matrices of fish predator and prey abundance on the habitats sampled within each site (Legendre & Legendre 1998) . The effect of total fish predator density on fish prey aggregations was tested with non-parametric multivariate analysis of variance (MANOVA) (Anderson 2001) . Prey were defined as any group of juvenile fish less than 5 cm long or consisting of Atherina. Prey was dominated by species of Gobidae (genera Gobius or Pomatoschistus). Small Gobidae and Atherina are frequently cited as prey specifically of Anguilla anguilla (Costa 1988) and Zosterisessor ophiocephalus (Miller 1986 ) in the published literature from our study region, and we also observed Z. ophiocephalus feeding routinely and repeatedly on these species in ongoing tank experiments (results not shown).
RESULTS

Overall abundance
A total of 61 713 individuals (54 043 fishes and 7670 invertebrates) grouped in 14 668 OU (10 359 fish and 4309 invertebrate) and comprising a minimum of 85 taxa (39 fishes and 46 invertebrates) were observed and recorded along a total of 38.666 km of dive transects traversed in 60 h. Total density was thus 1.6 ind. transect m (0.27 fishes and 0.11 invertebrates). Because each transect meter equals 2 m -2 of observed ground, these densities are double the density per square meter.
Benthic habitats
Long transects intercepted a total of 5930 m of habitat type A, 5500 m of R, 9300 m of SD, 9400 m of SS, and 8400 m of U, with each category being scored at a resolution of about 0.3 m. All seagrass populations occurred on unconsolidated sediment and all algal habitat occurred on rock. The sampling sites featured different proportions of these habitats, averaged across all 3 depth zones.
Abundance by habitat type
Abundances per linear meter (ind. transect m -1 ) of ground cover or habitat at a long-transect sampling site varied significantly across habitat types (Fig. 2) . Fish were most abundant in A, U, and R, and least abundant in SD and SS (individuals: χ 4 2 = 16.4, p = 0.0025, groups: χ 4 2 = 31.5, p = 2.4 × 10 -6
); invertebrates were about equally abundant in all habitats, although groups were slightly more abundant in SS than in SD (individuals: χ 4 2 = 2.9, p = 0.57, groups: χ 4 2 = 12.7, p = 0.012), while the totals showed a lower abundance in seagrass, due primarily to the fish subset (individuals: χ 4 2 = 16.1, p = 0.0028; groups: χ 4 2 = 20.9, p = 0.00033). Results of the drop net and bait-station experiments corroborated the lower fish densities observed in SD and SS relative to U habitats in the visual censuses. In 220 drop nets, the mean number of fish caught in U and SD and SS habitats was 0.76 and 0.0091, respectively. This difference was very highly significant (analysis of deviance D 1,208 = 107, p = 1 × 10 -31 ). Species caught in U habitats were Gobius niger, Syngnathus spp., juvenile Gobius,Symphodus cinereus, and Pomatoschistus minutus, while the only species caught in SD or SS on rare occasions was G. niger. Eels and the grass goby were not catchable in the drop nets as they appeared to avoid them easily.
The mean numbers of individuals visiting the bait stations in U, SS and SD habitats were 12, 4.7, and 1.8, respectively. These differences were again very highly significant (analysis of deviance D = 77 2,23 , p = 6.4 × 10 -8 ; Fig. 3 ). The most abundant visitors in U were Gobius niger and juvenile Gobius, while the only regular visitor at SD was the grass goby Zosterisessor ophiocephalus.
Abundance by ground structure
Abundance differences were less pronounced across benthic habitat types after re-categorization by presence/absence of 3-dimensional structure, defined as vegetation (seagrass or algae) or rock (Fig. 4) . While abundance of individuals differed little across these categories, abundance of groups of fish was significantly greater over unvegetated and unstructured ground habitat (unvegetated: χ 1 2 = 32.6, p = 1.1 × 10 -8 ; unstructured: χ 1 2 = 28.1, p = 1.1 × 10 -7
), resulting in parallel differences in total animal group abundance (unvegetated: χ 1 2 = 20.0, p = 7.9 × 10 -6
; unstructured:
).
Taxon richness and diversity
Habitat types fell into 2 groups within which taxon richness was not significantly different: unvegetated or sparsely vegetated (R/U/SS) versus more densely vegetated (SD/A); on average, a habitat in the former group had 40% more taxa (Fig. 5) . Primarily because of the high species richness in U, there were no significant differences between habitats re-categorized as vegetated/unvegetated (67/67 observed taxa), structured/unstructured (73/57), seagrass/non-seagrass (64/ 70), or seagrass/unstructured (64/57). The large difference between structured and unstructured is attributable to the larger extent of structured substrate examined and hence the greater total number of observations; the difference between the 2 curves was not significant (p = 0.45, Fig. 5 ). Taxon diversity showed clearer differences. The R habitat had significantly higher fish diversity than SS or U, which in turn had significantly higher fish diversity than SD or A. SS had signficantly higher invertebrate diversity than SD, R, or U, which had significantly higher invertebrate diversity than A. The diversity difference between SS and U was due entirely to the higher evenness in the former (result not shown), because the richness was identical at 26. Total animal diversity was greatest in R and SS, intermediate in SD and U, and lowest in A, and these groups were significantly different from each other (p < 0.001 in all significant comparisons above).
Overall, structured habitats had a higher diversity than unstructured (p = 0.001) and unvegetated had a higher diversity than vegetated (p < 0.001) habitats. There was no significant overall difference between seagrass and non-seagrass communities (p = 0.56).
Species/ground associations
Nearly half the species censused in the short transects were at least twice as abundant at the nonseagrass sites as at the seagrass sites, while the only species significantly more abundant at the seagrass sites was Zosterisessor ophiocephalus (Fig. 6) . The significantly greater abundance at non-seagrass sites for several species was observed in all 3 depth sampling zones, including the shallow algae/rock zone where little or no seagrass occurred at any site and the medium depth zone, which was primarily bare sediment at all sites. Sepia elegans, Symphodus ocellatus, S. roissali, Serranus hepatus, and small Gobidae were all more abundant at non-seagrass sites in the shallow algae/rock zone by factors of 2 to 10 (Fig. 6 ). In the deepest sampling zone at the western sites, which was dominated by seagrass, Solea vulgaris, Octopus vulgaris, S. roissali, S. hepatus, Spicara smaris, and Gobidae were more abundant at the non-seagrass sites by factors of 3 to 60 (Fig. 6 ). Note that, although we found no Anguilla anguilla at the non-seagrass sites, this number was not significantly different (p = 0.20) from the 13 individuals seen at seagrass sites (during the short transect census) because of the high among-site variation in the number recorded. The habitat selection ratio of a taxon for SD was significantly correlated with its abundance ratio at seagrass/non-seagrass sites (R 2 = 0.63, p = 0.0001 for the rank correlation). All species significantly more abundant at non-seagrass sites also avoided SS and SD at the seagrass sites (Appendix 1), and most showed significant preference for either U (Solea vulgaris, Spicara smaris, Sepia elegans) or A (Symphodus roissali, S. ocellatus) habitats at the western sites (Appendix 1).
Approximately 60% of the 85 taxa of animals observed in the long transects showed significant positive or negative selection of at least one of the 5 habitats (Appendix 1, Fig. 7 ). The majority of positive associations were with U or R and the majority of negative associations were with SD, SS or A. SD had the highest percentage of taxa with negative associations and U the lowest. Unvegetated ground (R or U) showed nearly twice the positive associations as vegetated ground (SD, SS or A). In general, about half the positive associations were exclusive to a single habitat type.
Feeding/ground associations
All substrates were dominated by zoobenthos feeders (result not shown). The incidence of nekton feeding (almost entirely piscivory) was 10 to 27 times greater in SD or SS than in any other habitat type, and maximal in SD (χ 4 2 > 100, p < 0.0001). Zoobenthos feeding was most prevalent in habitat types U and R, planktivory in A, and herbivory in R (result not shown).
Within the fish, predators of fish (Anguilla anguilla, Zosterisessor ophiocephalus, Serranus spp.) and their potential prey were very strongly segregated among habitats, with the predators concentrated in SD or SS and their prey concentrated primarily in U, R, and A (χ 1 2 = 465, p ≅ 0 for the Poisson GLM between predator and prey total abundance across habitats, Fig. 8 ). Fish prey assemblages were significantly negatively correlated with predator assemblage across habitats and sites (Mantel r = 0.191, p = 0.01), and the negative effect of total predator abundance on prey assemblages was also significant (F 1,49 = 3.7, p = 0.004 in the permutation test of the MANOVA). 
Faunal assemblages
Substrate type had a very highly significant effect on the faunal assemblage (ANOSIM R = 0.67, p < 0.001), and assemblages on A, R, U, and SD/SS combined were each about equally distinct (R = 0.27, p = 0.003; R = 0.40, p < 0.001; R = 0.15, p = 0.05; and R = 0.32, p < 0.001, respectively).
The 58 most abundant taxa separated into 3 major branches of species found mainly in habitat type R (1), U (2), or SD/SS/A combined (3), which in turn were composed of approximately 11 significant clusters of more than 2 to 3 taxa, each corresponding to a different pattern of association within these branches (Fig. 9) .
The detrended correspondence analysis (DCA) biplot showed that relative species abundance was distributed about equally across the habitat types, with each representing a separate, nearly equivalent axis of variation (Fig. 10) , a result that is consistent with the presence of distinct species clusters within each of the habitat types (Fig. 9) . The 2 major DCA axes correspond roughly to the gradient from unstructured to structured habitat (DCA1) and from A/R to SD/SS (DCA2). The 2 axes, however, are nearly equivalent in the amount of variation they encompass, resulting in the difference between the 2 kinds of structure (SD/SS versus A/R, ANOSIM R = 0.21, p < 0.001) being as large or larger than the difference due to presence/absence of structure per se (U versus all other habitats, ANOSIM: R = 0.17, p < 0.001). 
DISCUSSION
Seagrass habitat superiority
We addressed 2 components of the seagrass habitat superiority (SHS) hypothesis: seagrass meadows provide conditions and resources that (1) increase the fitness and mean density of potential prey species, and (2) increase the total species richness of inhabitant animal communities, both relative to unvegetated substrate (Bell & Pollard 1989) . Our results of visual scuba censuses of over 38 km of transects across 4 seasons by day and night provide little, if any, support for either component of the SHS for subtidal Zostera noltii, Z. marina, and Cymodocea nodosa meadows and their fish and macroinvertebrate inhabitants in the Novigrad Sea (Figs. 2, 5, 6) .
The results of the present study imply that the mechanisms responsible for SHS are weak or absent in the Novigrad Sea. Two mechanisms proposed to explain the fitness component of SHS for mobile macrofauna are (1) a lower mortality rate from predation in seagrass meadows (the Heck & Orth 1980 model), and (2) higher growth and reproduction rates due to higher concentrations of organic matter relative to neighboring unvegetated substrate. Seagrass shoot structure has been shown to provide effective refuge from chase-attack predators by impeding movement and visibility (see references in Horinouchi 2007b). Vegetation, however, is less effective in deterring mortality from other kinds of predatory strategies, such as ambushing or stalking, which can take advantage of concealment allowed by the same structure that hinders chase-attackers (e.g. Laurel & Brown 2006) . One explanation of our results is that mechanism (1) of the SHS is weakened by a high density or efficacy of ambush or stalk-attack predators occupying the seagrass habitat.
Faunal abundance, preference, and feeding behavior
From the predator's point of view, the strategy of hiding in a food-rich habitat that is attractive to prey ensures a steady supply of prey. If the predator is effective in limiting the prey population within this habitat, then the predicted result is a de facto habitat segregation of the kind we observed.
While assessing predation efficiency was beyond the scope of this study, we found clearly that fish predators were far more abundant in seagrass than in any other habitat; indeed, they were virtually nonexistent at sites lacking seagrass (Figs. 6, 8 & 10) . Two common ambush or stalk-attack predators, the grass goby Zosterisessor ophiocephalus and the European eel Anguilla anguilla, strongly preferred seagrass habitat in the Novigrad Sea and avoided all other substrates (Appendix 1). Both may prefer seagrass because they require soft sediment and shelter for concealing themselves during the day (eel) and to construct mating burrows (grass goby). Both are opportunistic generalist predators in Mediterranean lagoons, feeding on invertebrates and fish (Pagotto & Campesan, 1980 , Bouchereau et al. 2006 ). The grass goby has 2 capture behaviors, a fast-direct method under bright light and a slower hopping method under dim light (Ota et al. 1999) . The goby appears to be adapted to the dimmer conditions of seagrass beds by possessing a high density of retinal rods and cones, and shows no reduction in capture efficiencies or distances under low light intensity (Ota et al. 1999) .
The only other potentially major predators of settled fish we encountered were the striped and brown combers (Serranus scriba and S. hepatus), which are ambush and wait predators over rocky substrate (Labropoulou & Eleftheriou 1997 , Labropoulou et al. 1998 . Those specimens we encountered, however, were almost certainly too rare and small to have a noticeable impact on fish abundance (Appendix 1). Published literature indicated that, for the most part, the remaining fish species fed on zoobenthos (primarily small crustaceans), plankton, or vegetation, and only rarely on fish, and we found that they favored U, A, or R habitats (Appendix 1). Thus, based on our habitat preference data, it appears that in our study area the habitat type with the highest overall predation risk to fish would be seagrass (SS/SD). Although the relationship between predator and prey density across a landscape can be complex if both are freely mobile (Abrams 2007), prey are expected to be generally less abundant in habitat patches with consistently higher predation risk (Sih 1984 , Meager et al. 2005 . Our data are consistent with this habitat segregation prediction, as potential prey had significantly lower density within seagrass and significantly favored other substrates (Figs. 8 & 9 ; Appendix 1), both at a small scale within the seagrass habitat mosaic and over the entire sampling region.
The second major proposed fitness benefit of seagrass habitats, an abundance of easily available, diverse food sources, may become compromised in dense meadows by the severely lowered visibility and freedom of movement (Heck & Orth 1980) . Our results are equivocal on this prediction, since total abundance is highest in dense macroalgae and lowest in dense seagrass (Fig. 2) . This difference, however, is consistent with the hypothesis of greater predation intensity in dense seagrass, which has the highest piscivory level of all habitats due to the presence of the European eel (Fig. 8) .
Taxon richness and diversity
The mechanism most often proposed to underly the species richness component of SHS is simply the in-crease in niche diversity caused by structural complexity. However, added niches are not profitable if they are little more than feeding stations for ambush predators. If predation limits taxon diversity in seagrass beds, then we would expect that species strongly favoring or preferring seagrass should either be rare or of low value to predators. While it was beyond the scope of the present study to quantify the relative value of the different habitat types or of certain taxa as food sources, none of the species observed to strongly favor or prefer seagrass habitats (significant R > 2) have previously been cited as food items of either the grass goby or the European eel (Riccato et al. 2004 , Bouchereau et al. 2006 ). The species preferring seagrass habitats are the snakelocks anemone Anemonia viridis, the musky octopus Eledone moschata, the banded dye-murex Hexaplex trunculus, the great scallop Pecten jacobaeus, the spiny seastar Marthasterias glacialis, the green urchin Psammechinus microtuberculatus, and the white warty sea squirt Phallusia mammillata (Appendix 1). On the other hand, most of the fish species strongly avoiding seagrass habitats are potential prey of both ambush predators, and their absence contributes to the low species richness and diversity of the SD habitat.
Faunal assemblages
If animal species in seagrass beds benefit from habitat structure per se, then assemblages should primarily be determined by its presence/absence and secondarily by the morphological details of that structure.
Our results did not support this prediction. Animal assemblages inhabiting habitat type U were more similar overall to SD/SS assemblages than SD/SS assemblages were to other structured habitats such as A or R (see Figs. 9 & 10) . Variation in habitat preference was sharply delineated by structure type, with R-and SD/SS/A-favoring species each forming highly distinct clusters, while U-favoring taxa nested within the SD/SS/A group (Fig. 9, Appendix 1) . Overall, each of the habitats appeared to account for an equivalent amount of variation in faunal abundance and was occupied by a stably different species assemblage (Fig. 10) .
General applicability of results
Although our work was confined to a single estuary, our results may be generalizable to shallow subtidal Zostera and Cymodocea beds elsewhere in the Mediterranean. Results from similar research in the northeastern and western Mediterranean are consistent with ours in failing to provide strong support for the SHS hypothesis. In similar mixed Zostera and Cymodocea seagrass beds in the Gulf of Olbia in northeast Sardinia (Italy, western Mediterranean), Guidetti & Bussotti (2002) reported no difference in total fish abundance or species richness recorded in visual censuses among intact seagrass beds, bare sand, and areas where the entire seagrass canopy was experimentally removed. In the Venice Lagoon (northeast Italy), Franco et al. (2006) found that migrant juvenile fish abundance in seagrass determined with beach seine hauls was less than a tenth of the abundance in neighboring bare substrates or sparsely vegetated ground, and Malavasi et al. (2005) found that smaller gobiids avoided seagrass habitat, while larger gobiids (potentially predators or competitors) preferred seagrass. In visual scuba censuses in the Gulf of Trieste (Slovenian coastline), Bonaca & Lipej (2005) found that the lowest fish abundances and species richnesses were observed in seagrass beds (Posidonia and Cymodocea) and the highest in algal habitats; no bare sand was studied. In the Pantan estuary (Croatia, mid-eastern Adriatic) Matić-Skoko et al. (2005) observed that species richness and total abundance from beach seine hauls were the same or greater at sites with nearly nonexistent Zostera noltii compared with sites with abundant Z. noltii.
The findings from these relatively few studies indicate that strong conclusions concerning the presence, absence, or magnitude of any overall seagrass habitat superiority for fish in shallow subtidal Mediterranean Zostera or Cymodocea beds are currently not possible. While our study and similar studies of nearby localities do not provide support for the Heck & Orth (1980) model, but rather support a broader predation-mode model, more controlled experiments are necessary to uncover the mechanism for the predator-prey habitat segregation observed (Horinouchi 2007a) . Campesan G (1980) Appendix 1. Habitat selection ratios R in video/DPGS study. Abbrev: abbreviation for taxon used in dendrograms; A, R, SD, SS, U: association ratio R for the respective substrate, equal to the probability ratio of occupation to non-occupation of a small segment of the indicated substrate, all sites and sampling times pooled. Asterisks indicate a statistically significant departure of the ratio from one at *p = 0.05, **p = 0.01, or ***p = 0.001. P: substrate is included in the habitat commonly used by the taxon according to FishBase (Froese & Pauly 2000) . : taxon only observed on that substrate. Chisq and Prob: chi-square (df = 1) and associated probability for the overall test of association across all substrates; Inds and Gps: total number of individuals and groups observed of the taxon throughout the long transect study Gobius bucchichii 0.1*** 27.29***(P) 0***(P) 0.02***(P) 0.67***(P) 816.9 < 0.001 715 470 Goco Gobius cobitis 0.29***(P) 25.57***(P) 0.04***(P) 0.05***(P) 0.46***(P) 404.3 < 0.001 450 257 Gocr Gobius cruentatus 0.29*** 26.47***(P) 0***(P) 0.07***(P) 0.46***(P) 348. 
